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sponsored work. 
National Aeronautics and Space Administration (NASA), 
nor any person acting on behalf of NASA: 

Neither the United States, nor the 

A.) Makes any warranty or representation, 
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accuracy, completeness, or usefulness of 
the information contained in this report, 
or  that the use of any information, apparatus, 
method, or process disclosed in this report 
may not infringe privately owned rights; or 

B.) Aseumes any liabilities with respect to the 
use of, or for damages resulting from the 
use of any information, apparatus, method 
or process disclosed in this report. 

As used above, "person acting on behalf of NASA" 
includes any employee or contractor of NASA, or 
employee of such contractor, to the extent that such 
employee or contractor of NASA, or employee of such 
contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or 
contract with NASA, or his employment with such 
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FOREWORD 

Th i s  r e p o r t  w a s  prepared under G . O .  8852 i n  com- 

p l i a n c e  w i t h  A r t i c l e  V I  and Paragraph B of Con- 

t r a c t  NAS3--8521 f o r  t h e  Nat iona l  Aeronaut ics  and 

Space Adminis t ra t ion ,  Lewis Research Cen te r ,  

Cleveland,  Ohio. The work w a s  conducted i n  t h e  

Chemical and Mate r i a l  Sc iences  Department of 

Rocketdyne 's  Research Div i s ion ,  du r ing  t h e  pe r iod  

20 March 1967 through 19 June  1967. 

ABSTFLACT 

S t u d i e s  of a p r o t i c  e l e c t r o l y t e s  based on t h r e e  

s o l v e n t s ,  propylene ca rbona te ,  dimethyl  formamide 

and a c e t o n i t r i l e ,  were cont inued .  Only c h a r a c t e r -  

i z e d  components were used t o  p repa re  t h e  e l e c t r o -  

l y t e  s o l u t i o n s .  

S t r u c t u r a l  s t u d i e s  of e l e c t r o l y t e s  con ta in ing  t e t r a -  

methylammonium hexafluorophosphate ,  l i t h i u m  perchlor -  

a t e ,  cup r i c  c h l o r i d e ,  and aluminum c h l o r i d e  wi th  o r  

wi thout  l i t h i u m  c h l o r i d e  added were performed by 

n u c l e a r  magnetic resonance.  

The p h y s i c a l  p rope r ty  s t u d i e s  inc luded  measurements 

o f  v i s c o s i t i e s ,  s o l u b i l i t i e s ,  conductances,  and t r a n s -  

f e r ence  numbers of  a number of e l e c t r o l y t e s .  
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SUMMARY 

D i s t i l l e d  s o l v e n t  ba t ches  were analyzed by vapor phase chromatography on 

a r o u t i n e  b a s i s .  A new Porapak Q column w a s  p repared  which allowed b e t t e r  

s e p a r a t i o n  of water  and a c e t o n i t r i l e  (AN). 

Spark source  mass spec t roscop ic  d a t a  f o r  LiC104 and CuF 

l a t t e r  proved t o  be  o f  u n s a t i s f a c t o r y  q u a l i t y ,  and a s y n t h e s i s  of pure 

C u F 2  w i l l  be a t tempted.  

a r e  given.  The 2 

It  was confirmed by a d d i t i o n a l  nuc lea r  magnetic resonance (NMR) evidence 

t h a t  tetramethylammonium hexaf luorophosphate (TMA*PF6) forms a PF6 

i n  dimethyl  formamide (DMF) and t h a t  LiC104 produces C104 

carbonate  (PC). 2 
dimethyl  formamide, a paramagnetic s p e c i e s  coord ina t ing  DMF molecules and a 

nonparamagnetic spec ie s .  Two inequ iva len t  aluminum a t o m  environments a r e  

p r e s e n t  i n  A l C l  /PC. Both show narrow A127 l i n e s  i n d i c a t i n g  t e t r a h e d r a l  o r  

o c t a h e d r a l  symmetry. Addi t ion  of L i C l  t o  t h i s  A l C l  s o l u t i o n  caused one 

- 
s p e c i e s  

- 
i ons  i n  propylene 

Two copper spec ie s  were found when CuCl w a s  d i s s o l v e d  i n  

3 
3 

- -  c:-:l-- r":-l+a w o r e  nht.ained i n  a c e t o n i t r i l e ,  ur-blc.3 u u  uIuurr'...'. 
. .  

V i s c o s i t i e s  were measured f o r  1M L i C l O  s o l u t i o n s .  The s o l u b i l i t i e s  o f  

L i C l O  were measured i n  PC and DMF wi th  and/or w i thou t  t h e  

a d d i t i o n  of 1000 ppm wa te r .  The s o l u b i l i t y  of CuCl w a s  determined i n  

s e v e r a l  e l e c t r o l y t e s .  A s i g n i f i c a n t  i n c r e a s e  i n  s o l u b i l i t y  upon a d d i t i o n  

of 1000 ppm wa te r  w a s  found only i n  cases  of l o w  s o l u b i l i t y .  Conductances 

were measured f o r  va r ious  e l e c t r o l y t e s ,  mainly LiC104 and L i B r  s o l u t i o n s .  

Transference  experiments were made wi th  e l e c t r o l y t e s  con ta in ing  L i C l O  

o r  L i C 1 ,  w i th  A l C l  and CuCl added i n  c e r t a i n  t e s t s .  

4 
and TMA-PF 4 6 

2 

4 

3 2 
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Solvent Code H 0 Content, ppm 2 

PC #2-2 55 

DESCRIPTION OF PROGRESS 

Organics, ppm 

20 

PREPARATION OF ELECTROLYTES 

Purification of Solvents 

Solvents were purified by distillation and analyzed as described pre- 

viously (Ref. 1 tilrough 3). Summaries o f  both the distillation con- 

ditions and the analytical procedure normally applied were presented in 

Ref. 3. Table 1 lists the solvent batches used during the report period. 

TAI3LE 1 

CUCTEEIZATION OF DISTILLED SOLVENT BATCHES 

I I PC #2-3 
PC #2-4 1 PC #2-5 
PC #2-6 
PC #2-7 
PC #2-8 

PC #2-9 
DMF #1-2 

25 
20 

20 

35 
20 
40 

20 

20 

None 

15 
35 
None 

35 
65 + 55 

(two impurities) 
20 

140 
I 

i None I 1 DMF #3-2 I 40 
DMF #4-2 
DMF #3-3 
DMF #3-4 
DMF #3-5 

100 

45 
70 
65 

None 

35 
None 

None 

AN #1-2 
AN #3-1 None 

AN #3-2 None 

3 
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2 
Analys i s  of LiCl0 and CuF 4 

Two s o l u t e s  were analyzed by spark  source  mass spec t romet ry .  The r e s u l t s  

ob ta ined  f o r  l i t h i u m  p e r c h l o r a t e  (LiC104 ##2, 99.9 p e r c e n t ,  Atomergic 

Chemetals C o . )  a r e  l i s t e d  i n  Table 2 arid t h e  r e s u l t s  f o r  c u p r i c  f l u o r i d e  

(CuF, #2, s p e c i a l  q u a l i t y ,  Ozark-Mahoning Compaiiy) i n  Table  3. 
ana lyses  were performed a t  t h e  B e l l  arid Iiowell Research C e n t e r ,  Pasadena,  

C a l i f o r n i a .  R e s u l t s  ob ta ined  by emission spec t roscopy were r e p o r t e d  pre- 

v i o u s l y  (Ref.  2) and a r e  added i n  Tables  2 and 3 f o r  comparison purposes .  

Genera l ly ,  the  agreement between t h e  t w o  methods i s  good; an  except ion  i s  

t h e  de te rmina t ion  of  Sn i n  CuF 

These - 

2 '  

A s  i n  prev ious  ana lyses  (Ref.  2 ) ,  no ana lyses  f o r  tan ta lum and g o l d  were 

made. Elemerit,s no t  l i s t e d  were n o t  d e t e c t e d  and have c o n c e n t r a t i o n s  l e s s  

than 10 ppm (a tomic ) ,  w i t h  t h e  except ion  of those  which could n o t  be  d e t e r -  

mined because of' i n t e r f e r e n c e  by background l i n e s .  These were Mg, P ,  s ,  
V ,  C r ,  and Nb i n  t h e  case  o f  l i t h i u m  p e r c h l o r a t e ,  and S i ,  B r ,  C s ,  and B a  

i n  t h e  case  o f  c u p r i c  f l u o r i d e .  

The samples were no t  prepared  f o r  a n a l y s i s  under e n t i r e l y  anhydrous con- 

d i t i o n s  (Ref.  2 )  ; t h e r e f o r e ,  the  r e p o r t e d  oxygen and hydrogen c o n t e n t s  

a r e  upper l i m i t s ,  and t h e  t r u e  va lues  a r e  probably  much lower.  Because 

t h e  oxygen con ten t  of C u F  i s  n o t  ba lanced  w i t h  t h e  hydrogen c o n t e n t ,  

C u F ,  appears  t o  con ta in  some oxide.  
2 

- 
Lithium p e r c h l o r a t e ,  L i C l O  

c e n t r a t i o n  above 100 ppm. 

260 ppm per  weight)  w i l l  a f f e c t  t h e  measurements s i g n i f i c a n t l y .  

t e s t  a n a l y s i s  f o r  c h l o r i d e  r e v e a l e d  a C 1 -  c o n t e n t  below 20 ppm. 

i s  be ing  used a f t e r  d ry ing  under vacuum a t  e l e v a t e d  tempera ture .  

#2, showed only  one impur i ty  e lement  a t  a con- 4 
It  i s  n o t  conce ivab le  t h a t  t h i s  impur i ty  ( N a ,  

A s p o t  

LiC104 #2 

4 
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TABLE 2 

IMPURITY CONCENTRATIONS I N  LiClO #2 DETERMINED BY SPARK 4 
SOURGE MASS SPECTROMETRY AND EMISSION SPECTROSCOPY 

I m p u r i t y  

H 

B 

C 

N 

F 

N a  

A 1  

S i  

K 

Ca 

c u  

Zn 

AS 

I 

Mg 
Fe 

Sn 

Pb 

Spark  Source Mass Spec t rometry  

De tec t ion  L i m i t ,  Con ten t ,  I ppm atomic pprn atomic 

2.0 

2 .0  

1 . 0  

2.0 

500.0 

20.0 

20.0 

6 .5  

23.0* 

200.0 

1 .o  
27.0 

16.0 

5 .9  

12.0" 

3 .o 
21.0 

3.0 

- 
Conten t ,  

ppm p e r  weight  

28 

12 

14 

5 .1  
25* 

2 60 

36 
35 
13 

43* 
11 

89 
21 

1.5 

~~ 

Emission 
Spec t roscopy 

Con ten t ,  
pprn p e r  we igh t  

10 

17 

4 

3 
2 

4 

16 

*May be due t o  r e s i d u a l s  i n  the  m a s s  spec t romete r  

5 
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t 

Impur  1 t y  

H 
L 1  
B 
C 
N 

0 

M€c 
Na 

A1 
P 

S 

K 
Ca 
T i  

v 
C r  
Mn 
FP 

c1 

' N r  

/ G A  
I Zn 

I Ar 

IMPURITY CONCENTRATIONS I N  CuF tf2 DETERMINED BY SPARK 
2 

SOURCE MASS SPECTRQmTRY AND EMISSION SPEGTROSCOPY 

.jr\ Spark Source  Mass Spec t rometry  S 11 ec t r o s copy 
Con ten t ,  

_- - - -  - -- 

_ -  I Detec t ion  L i m i t ,  Content  C o n t  erit , 
ppm atomic ppm atomic ppm pe r  weight ppm pe r  w e i g h t  

3.0 910.0 27 
0 . 3  0.5 0.1 
1 .o 32.0 10.2 
1 .o 320.0 114 
1 .o 75.0 31 

1 .0  2600.0 1230 

0.7 58.0 42 35 
0.5 130.0 104 170 
1.0 12.0 11 

5.0 360.0 340 

0.3 22.0 25 
0.7 18.0 21 86 
7.0 N . D .  < 10 

1.0 30.0 45 
1 . 0  8.5 13 5 
1.0 7 . 2  12 23 
2 . 0 740.0 1200 1100 
'j . 0 430.0 730 970 

0 . 3  300.0 204 

2.0 250.0 2 60 

5 . 0 130.0" 25 O* 
0 .  7 1 . 3  2 .7  

I T . 0  N.D. .. 11 
A!.! I 0 . 7 I 8 . 2  

\ . ( I  21 . ' I  
I 

1 0 

1 

i 26 
7( 
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The c u p r i c  f l u o r i d e  a n a l y s i s  showed s e v e r a l  i m p u r i t i e s  a t  l e v e l s  g r e a t e r  

than  100 ppm. Fe ,  N i  and Sn a r e  p r e s e n t  a t  v e r y  high l e v e l s ;  a l s o  exces- 

s i v e  amounts of oxygen, c h l o r i n e ,  su lphur  and carbon were iound. Inas-  

much as a promising p u r i f i c a t i o n  method f o r  t h e  CuF does n o t  e x i s t ,  t h r e e  

a l t e r n a t i v e s  p r e s e n t  themselves:  

supp l i ed ,  ( 2 )  t e s t  o t h e r  commercially a v a i l a b l e  products  , and (3) s y n t h e s i z e  

anhydrous CuF a t  Rocketdyne. The las t  of t h e s e  i s  be ing  a t tempted .  

2 
(1) u s e  t h e  p r e s e n t  product  CuF 8 2  a s  2 

2 

P u r i t y  of Other  S o l u t e s  and Water 

Li thium bromide ( L i B r  #2; 99.99 pe rcen t  o p t i c a l  g rade ,  Gal la rd-Schles inger  

Chemical Manufacturing Corp . ) ,  d r i e d  a t  e l e v a t e d  tempera ture  under vacuum, 

i s  be ing  used. No ex tens ive  a n a l y s i s  of t h i s  chemical w i l l  be  macle because 

o n l y  i t s  equ iva len t  conductance a t  i n f i n i t e  d i l u t i o n  w i l l  be measured f o r  

t h e  purpose of a r r i v i n g  a t  i nd iv idua l  i on  m o b i l i t i e s  o f  o the r  s o l u t e s ;  t h e  

same approach w i l l  a l s o  apply t o  tetrabutylnmmonium bromide (TBA-Br  d l ,  

polarographic  grade ,  Columbia Organics )  and t o  sodium te t raphenylboron  

(NaaTPhB $1, r eagen t  grade ,  Baker & Adamson). 

Deionized d i s t i l l e d  water  with a t y p i c a l  c o n d u c t i v i t y  of  5 x ohin -1 cm -1 

i s  be ing  used.  A f u r t h e r  c h a r a c t e r i z a t i o n  i s  n o t  j u s t i f i e d  as long as t h e  

wa te r  i s  added t o  t h e  e l e c t r o l y t e s  on ly  i n  small  amounts, i . e . ,  i n  amounts 

up  t o  t h e  1000 ppin l e v e l .  

Analysis of So lven t s  and So lu t ions  by Vapor Phase Chromatography 

A p re l imina ry  s tudy  w a s  made t o  e s t a b l i s h  i f  t h e  water  con ten t  o f  a 1 M  

L i C l O  ,‘PC s o l u t i o n  could be determined,  u s ing  t h e  procedure developed f o r  

de te rmining  water  i n  pure  propylene carbonate .  Seve ra l  a l i q u o t s  of t h p  
4 
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s o l u t i o n  b e r e  i n j e c t e d  i n t o  an i-2erograph 660 gas  chromatograph equiilpcd 

w i t l i  a 3 16-inc1i x 6-foot  Porapalc Q column, and tIie result in:!  pealis \+ercx 

compared t o  t h e  peaks obtained w i t h  a l i q u o t 5  o f  tlie s o l v e n t  uscd t o  ] ) re-  

pa re  tiie s o l u t i o n .  The s iLe  arid shape 01 t h e  w a t e r  peak. f'ountt lor tlie 

s o l u t i o n  and t h e  s o l v e n t  were tlie s'amc. Bccause i lie I ) ~ P S C I I C ( '  oi l i t l i i u m  

p e r c h l o r a t e  does n o t  t l l s t o r t  tlie water  1)(wl,, i t  would a1)I)car tliat c'vapor.i- 

t i o n  of water  from tlie s u r f a c e  of tlie s a l t  i b  r a p ~ d  a t  t , l i r *  i n ~ e c t o r  t,em- 

p c r n t u r e  and t h a t  t h e  mrthotl may be q u a n t  i t a t i v e .  Tire 1 'av t  L i t a t  t l i e  samv 

amount of  water  was found i n  t h e  s o l v e n t  an(! s o l u t i o n  sPcms t o  i n d i c a t e  

t l ia t  no water  was r e t a i n e d  by tlie l i t l i i u m  pe rc l i l o ra t e .  E'urtlier ~ ~ o r l c  m u s t  

be  done t o  demonstrate conc lus ive ly  that  tlie a i i a lys i s  of  t h e  s o l u t i o n  T o i -  

water  i s  q u a n t i t a t i v e .  

Tliere was some concern about  i n j e c t i n g  an organic  s o l v e n t  con ta in ing  ~ ) e r c l i l o r a t , ( ~  

s a l t s  because of a p o s s i b l e  ox ida t ion  01 t h e  s o l v e n t  t o  carbon d iox ide  ant1 

h a t e r .  Ilo\rever, tiie s i z e  of carbon d iox ide  peak was tlie iitnie f o r  t i i t3  s o l v e n t  

arid t h e  s o l u t i o n .  

Tlic  s tudy  o f  tlie de t e rmina t ion  o f  water  i n  s o l u t i o n s  was in te r ruptec!  t o  

ana lyze  a new bntcli of rliruethyl formamitle. P r i o r  t o  performing t h e  a n a l y s i s ,  

t h e  i n j e c t i o n  po r t  and t h e  6-incIi x 1 8-inch s t a i n l e s s - s t e e l  l i n e  t l iat  coli- 

n e c t s  tlie column and tlie i n j e c t o r  were r i n s e d  wi th  d i s t i l l e d  water  t o  remove 

any s a l t ,  r e s i d u e .  The chroiriatograph was reassembled and n l l o ~ i e t l  t)o c q u i l i -  

b r a t e  ove rn igh t .  O n  tlie fo l lowing  day ,  tlie sample o f  ciimetliyl formamicle 

was nnalyzed. Tlie r e s u l  tirig water  peal< sliowed c o n s i d e r a b l e  t a i l i n g  am! the  

1)enk a r c a  incrcasetl  w i  tl! coritiniicti i n j e c t i o n s .  Because this b e h a v i o r  is  

un1 ike  any s('c1i previous ly ,  i t  was assumed t h a t  tIie column had bcen coiitam- 

j t i i i t  ctl t)). t .lic 1)revioiis es~)erimc~iit ,s  w i t 1 1  tlie LiCIO 1~(: s o l u t i o n .  I'lirc.e 

I o > : -  i I , I i >  (>xi\Iaiiiil ions o f  t . I i c 1  t a i l i n g  a r e :  (1)  tlie l i t l i i u i r l  1)ercIilorat.e s a l t  

r ' o i i  I t 1  I i; ivt~ ~ ~ ~ ~ t t i ~ ) ~ o t ( ~ l y  dricc!  ciuririg t h e  o v p r ~ i i ~ ~ l ~ t  chquilibr:it,iori 0 1 '  L I i ( >  

4 
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ins t rument  and t h e  p e s e n c e  t ~ f  t he  anhydrous s a l t  rca3 have caused t h e  

d i f f i c u l t i e s ;  (2)  l i t h i u m  perchlorate may have been rwiuced a i  167 C, 

by t h e  hyclrogen c a r r i e r  gas and t h e  r e s u l t i n g  l i t h i u m  c h l o r i d e  may have 

caused t h e  d i f f i c u l t i e s ,  o r  (3)  l i t h i u m  p e r c h l o r a t e  may have o x i d i ~ e ' t !  Liie 

PorapaL 9 packing m a t e r i a l ,  g i v i n p  tlie c o l u m n  a po la r  c h a r a c t e r .  

c a s e ,  some l i t h i u m  p e r c h l o r a t e  m u s t  have been c a r r i e d  o u t  oi' t h e  inc jcc tor  

and depos i t ed  on t h e  column. The l i t h i u m  p e r c h l o r a t e  ma:, Iiave been swept 

o u t  o i  t h e  i n j e c t i o n  p o r t  a s  p a r t i c u l a t e  ma t t e r  o r ,  more l i k e l y ,  t h e  

l a r g e  sample may n o t  have been completely evapora ted  i n  t h e  i n j e c t o r  and 

w a s  pushed o u t  of t h e  i n j e c t o r  and onto t h e  coluinn as a s o l u t i o n .  I n  

f u t u r e  experiments  i nvo lv ing  s o l u t i o n s ,  a second column w i l l  be  p l aced  

between t h e  i n j e c t o r  and t!ie Porapak Q columi.  T l t i s  column w i l l  be  packed 

w i  tli an i n e r t  m a t e r i a l  silch as Teflon-6 o r  g l a s s  beads.  The second column 

will be  v e r y  s!iort, and w i l l  be used t o  p reven t  any sa l t  Erom reach ing  t h e  

Porapak Q column. 

In  any 

A new Porapali Q coluiiui was prepared which has t h e  same dimensions and t h e  

same r e t e n t i o n  t ime f o r  water a s  t h e  o l d  column ( R e f .  3 ) .  
wa te r  i n  dimethyl .formamide Lias t h e  same shape as t h e  peak r e p o r t e d  pre- 

v i o u s l y  (Ref. 2 ) .  

because  i t  g ives  a b e t t e r  s e p a r a t i o n  of a c e t o n i t r i l e  and w a t e r .  A l s o ,  a 

s i n g l e  peak w a s  ob ta ined  f o r  water  i n  propylene carbonate  under c o n d i t i o n s  

where t h e  o l d e r  column had given two peaks (Rei' .  1 ) .  I t  i s  hypothes ized  

t h a t  t h e  olcler colimn conta ined  a m a t e r i a l  t h a t  c a t a l y z e d  t h e  hydro lys i s  

of propylene ca rbona te .  

The peak f o r  

The new column has b e t t e r  c h a r a c t e r i s t i c s  t h a n  t h e  o l d  

The i n i t i a l  p o r t i o n  o f  a chromatogram of  a c e t o n i t r i l e  i s  shown i n  F i g .  1 

(d i s tu rbances  p r i o r  t o  t h e  a i r '  peak are due t o  p r e s s u r e  su rges  caused by  

i n j e c t i n g  a l a r g e  sample) .  Due t o  t h e  b e t t e r  s e p a r a t i o n  of a c e t o n i t r i l e  

and water  on tlie new column, tlie water  peak r e t u r n s  t o  tlie b a s e l i n c  be fo re  

9 
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t h e  i n i t i a l  p o r t i o n  of t h e  a c e t o n i t r i l e  peak; t h i s  w a s  n o t  t h e  case  OD the  

o l d e r  column. P r e v i o u s l y ,  it was necessa ry  t o  e x t r a p o l a t e  t h e  water  peak 

under t h e  a c e t o n i t r i l e  peak t o  measure t h e  a r e a  of t h e  water  peak. The 

response  of t h e  microcross-sec t ion  d e t e c t o r  t o  water i n  a c e t o n i t r i l e  w a s  

determined by adding a measured volume of water  t o  a weighed amount o f  

a c e t o n i t r i l e .  Using 100-micro l i te r  sample s i z e s ,  t h e  response  w a s  found 

t o  be  92 ppm/cm (Ref. 3). 
The response  f o r  wa te r  i n  propylene carbonate  w a s  found t o  be  unchanged. 

The d i f f e r e n c e  found i n  t h e  case of a c e t o n i t r i l e  i s  due t o  t h e  b e t t e r  

s e p a r a t i o n  of wa te r  and a c e t o n i t r i l e  on t h e  new column. 

2 2 
compared t o  t he  prev ious  va lue  of 112 ppm/cm 

NUCLEAR MAGNETIC RESONANCE STRUCTURAL STUDIES 

Tetramethylammonium Hexaf luorophosphate (TMA-PFh) I n  Dimethyl Formamide 

- 
The P-F s p l i t t i n g s  f o r  PF3, PFg, PF6 , and HPF6 have been r e p o r t e d  (Ref. 4) 
as 1441, 916, 710, and 710 Hz, r e s p e c t i v e l y .  Also,  t h e  P-F s p l i t t i n g  f o r  

of t h e  l a t t e r ,  t h e  F I 9  double t  found when W ' P F g  i s  d i s s o l v e d  i n  DMF 
(Ref. 3) w a s  r e i n v e s t i g a t e d .  

t o  be  711 Hz, which ag rees  very w e l l  w i t h  t h a t  r e p o r t e d  f o r  PF 

evidence of F-F s p l i t t i n g  could be  observed;  t h e  spectrum w a s  a doub le t  

on ly .  Thus, t h e  s p e c t r a  could n o t  be due t o  HPF,. This  measurement cor-  

--:AI- --:J-- hs- hnnn rennrt .ed  as 740 Hz (Ref. 5) .  Because -- 
" ---=----- ~~ 

The P-F s p l i t t i n g  was measured and found 
- 

N O  6 .  

19 r o b o r a t e s  and r e i n f o r c e s  t h e  prev ious  r e p o r t  of the F con ta in ing  s p e c i e s  
- 

a6 PF6 (Ref. 3). 
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L i C l O  i n  Propylene Carbonate  4 

35 - 
Observa t ion  of t h e  C 1  resonance of t h e  C10 ion  has been r e p o r t e d  

(Ref. 7) i n  p e r c h l o r i c  a c i d  s o l u t i o n s  con ta in ing  a v a r i e t y  of i o n i c  i m -  

p u r i t i e s .  A t  l o w  impur i ty  concen t r a t ions  t h e  l i n e  wid th  i s  r e l a t i v e l y  

s m a l l ,  l e s s  than 0.5 gauss .  C 1  has  a s p i n  3/2, a quadrupole  moment, 

and is  n o t  a 2 a r t i c u l a r l y  s e n s i t i v e  nuc leus  f o r  NMR measurements. There- 

f o r e ,  t h e  environment of t h e  C 1  nuc leus  m u s t  be  q u i t e  symmetrical  i f  

4 

35 

35 
- 

a resonance  i s  found. I n  t h e s e  s o l u t i o n s  C10 ion  p r e s e n t s  a t e t r a h e d r a l  
4 Z K  

symmetry a t  t h e  C 1  s i t e ,  t h u s  p e r m i t t i n g  t h e  C l ”  resonance  t o  be observed 

and,  because  0 does n o t  have a n u c l e a r  moment, t h e  l i n e  i s  expected t o  

be r a t h e r  narrow as r e p o r t e d .  

16 

35 P r e l i m i n a r y  observa t ion  of t h e  C 1  resonance i n  - l M  LiC104 #2/PC ,#2-7 

has been made, and  t h e  l i n e  i s  shown i n  F i g .  2 .  The l i n e  wid th  i s  about  

0.4 gauss .  There may b e  some c o n t r i b u t i o n  t o  t h e  l i n e  wid th  due t o  mod- 

u l a t i o n  e f f e c t s ,  and it  i s  plarined t o  i n v e s t i g a t e  t h i s  d u r i n g  t h e  n e x t  

q u a r t e r  . 

I n  view of t h e  r e p o r t e d  work d i scussed  above, i t  appea r s  t h a t  d i s s o l v i n g  

L i C l O  i n  PC produces C10 i o n s ,  as i s  expec ted .  
- 

4 4 

CuC1, i n  Dimethyl Formamide and Propylene Carbonate  

1 
The h i g h l r e s o l u t i o n  H spectrum w a s  i n v e s t i g a t e d  i n  t h e  fo l lowing  specimens: 

1. 1.00 M CuC12 #2/DMF #3-3 

2 .  0.005 M ( s a t u r a t e d  a t  25 C )  CuCl #2:/PC #2-6 2 

12 
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1 
F i g u r e  3 shows t h e  H spectrum f o r  1 .00 M CuC12/DMF. 

i n  o b t a i n i n g  t h i s  spectrum corresponds t o  s e v e r a l  t imes t h e  scan r e q u i r e d  

t o  produce t h e  e n t i r e  H spectrum i n  pure DMT (Ref. 3).  The H spectrum 

i n  DMF has been g r e a t l y  broadened, which i s  c h a r a c t e r i s t i c  of t h e  i n t r o -  

d u c t i o n  of paramagnetic i m p u r i t i e s .  Thus, CuCl  d i s s o l v e d  i n  DMF produces 

a paramagnetic s p e c i e s ,  probably Cu . I n  a d d i t i o n  t o  t h e  v e r y  l a r g e  l i n e  

broadening,  t h e  a d d i t i o n  of C u C l  produces a down f i e l d  s h i f t e d  peak show- 

i n g  t h a t  a c o o r d i n a t i n g  s p e c i e s  i s  produced. The down f i e l d  s h i f t  i s  very  

l a r g e ,  840 Hz, which i s  c h a r a c t e r i s t i c  of i s o t r o p i c  hyper f ine  c o n t a c t  i n t e r -  

a c t i o n s  w i t h  paramagnetic s p e c i e s ,  showing t h a t  t h e  DMF i s  coord ina ted  w i t h  

t h e  paramagnetic s p e c i e s .  

The f i e l d  scanned 

1 1 

2 ++ 

2 

The NMR f o r  paramagnetic s p e c i e s  i s  s h i f t e d  by v e r y  l a r g e  amounts s o  t h a t  

t h e  resonance does n o t  occur a t  t h e  frequency,  f o r  a given e x t e r n a l  mag- 

n e t i c  f i e l d ,  corresponding t o  i t s  n u c l e a r  magnetic moment. A scan w a s  

made f o r  t h e  Cu resonance i n  specimen 1 a t  t h e  magnetic f i e l d  and f r e -  

quency corresponding t o  t h e  Cu magnetic moment. A weak, broad l i n e  w a s  

found, t h u s  showing t h a t  t h e r e  a r e  two copper-containing s p e c i e s  formed 

when CuCl i s  d i s s o l v e d  i n  DMF. One i s  paramagnet ic ,  t h e  one c o o r d i n a t i n g  

63 
63 

l r l  I ,  -- I,.- 
2 

UIW' molecules ,  ana L L I I ~  U L I I ~  13 llull~L.LIcwIIwg~ALulu -r--l--. _ _  
nonparamagnetic s p e c i e s  coord ina tes  DMF cannot  b e  determined because of 

t h e  l a r g e  e f f e c t s  of t h e  paramagnetic s p e c i e s .  

1 
The low s o l u b i l i t y  o f  CuCl  i n  PC r e s u l t e d  i n  no change i n  t h e  H spectrum 

of specimen 2 s o  t h a t  i t  w a s  found i d e n t i c a l  t o  t h a t  i n  pure PC (Fig.  7 ) .  
2 

L i C l  + A l C l  i n  Propylene Carbonate and A c e t o n i t r i l e  

1 27 Both h i g h - r e s o l u t i o n  H and w i d e l i n e  A1 resonances were i n v e s t i g a t e d  

i n  t h e s e  systems. 
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1 
The h igh- reso lu t ion  €1 resonance spectrum w a s  i n v e s t i g a t e d  i n  t h e  fo l low-  

i n g  specimens : 

1. Pure  AN #3-1 

2.  0.983 M A l C l  #3/AN #3-1 

3. 
7 

0.9 M ( s a t u r a t e d  a t  25 C )  LiCl #2 i n  0.987 M A1C 3 #?/AN #3-1 

4 .  Pure  PC #9-6 

5 .  1.00 M A l C l  #3/PC #2-6 

6.  
3 

0.7  M ( s a t u r a t e d  a t  25 C )  LiCl #2 i n  1 .00 M A l C l  #3/PC #2-6 3 

A s  can be  seen  i n  F i g .  4 ,  5 ,  7 ,  8,  and 9, down f i e l d  s h i f t e d  peaks due t o  

3 
coord ina ted  s o l v e n t  molecules  a r e  observed i n  bo th  PC and AN. Thus,  A l C l  

d i s s o l v e d  i n  e i t h e r  AN o r  PC produces a s p e c i e s  which c o o r d i n a t e s  t h e  s o l -  

ven t  molecules ;  t h e  same behavior  had been shown p r e v i o u s l y  t o  occur  w i t h  

A l C l  

s o l u t i o n  i s  added t o  t h e s e  s o l u t i o n s ,  t h e  11 spectrum f o r  e i t h e r  PC o r  

AN r e t u r n s  t o  t h e  spectrum ob ta ined  f o r  t h e  pu re  s o l v e n t s  (F ig .  6 f o r  AN; 

spectrum f o r  specimen 6 n o t  shown b u t  i d e n t i c a l  t o  F i g .  7) .  The a d d i t i o n  

of  LiCl t o  t h e  s o l u t i o n  r e s u l t s  i n  t h e  d isappearance  of  t h e  c o o r d i n a t i n g  

s p e c i e s .  

d i s s o l v e d  i n  DMF (Ref. 3 ) .  When s u f f i c i e n t  LiCl  t o  form a s a t u r a t e d  
1 3 

T h i s  d id  n o t  occur i n  DME' (Ref. 3 ) .  

27 The A1  resonance w a s  i n v e s t i g a t e d  a t  a magnet ic  f i e l d  of 7120 gauss ,  

u s ing  a b road l ine  spec t romete r ,  i n  specimens 2 ,  3, 5 ,  and 6. Recorded 

s p e c t r a  ( d e r i v a t i v e s  o f  t h e  abso rp t ion  l i n e s )  f o r  specimens 5 and 6 a r e  

shown i n  F i g s .  10 and 11, r e s p e c t i v e l y .  As d i s p l a y e d  i n  F i g .  10 ,  two 

A1 

thcre a r c  t,wo inequ i v a l e n  t aluminum a t o m  environment,s p r e s e n t .  If  t h e r e  

i s  onc aluminum atom per i o n i c  ( o r  n e u t r a l )  s p e c i e s ,  t h i s  means t h a t  

127 
l i n e s  arc  obta ined  f rom l,he 1.00  M A l C l  /PC s o l u t i o n ,  showing t h a t  

3 

16 
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1 Figure 9. High-Resolution H Spectrum in 1.00 M A l C l  /PC 
3 
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t h e r e  a r e  t w o  s p e c i e s  p re sen t .  The l i n e  wid th  of bo th  of t h e s e  l i n e s  i s  

q u i t e  s m a l l ,  b u t  a c c u r a t e  measurements have n o t  been made as y e t .  S ince  

t h e  A1 nuc leus  has a quadrupole moment of moderate magnitude, t h e  obser- 

v a t i o n  of naxrow l i n e s  i n d i c a t e s  t h a t  t h e  A1 n u c l e i  a r e  l o c a t e d  a t  s i t e s  

having t e t r a h e d r a l  o r  oc t r ahedra l  symmetry. The l i n e s  a r e  n o t  e q u a l l y  

i n t e n s e ,  showing t h a t  one spec ie s  i s  more p r e v a l e n t  t han  t h e  o t h e r .  Fig-  

u r e  11 shows t h a t  t h e  a d d i t i o n  of L i C l  causes  one of t h e  s p e c i e s  t o  d i sappea r  

because only  one of t h e  l i n e s  i s  observed. 

27 

27 

Two specimens, 5 and 6, were prepared  wi th  e x t e r n a l  r e f e r e n c e s  f o r  chemical 

s h i f t  measurements. The e x t e r n a l  r e f e r e n c e  w a s  an a c i d i c  aqueous s o l u t i o n  

of A l C l  

i n  specimen 1 w a s  j u s t  b a r e l y  s h i f t e d  from t h e  r e f e r e n c e  s i g n a l ;  t h e  more 

i n t e n s e  l i n e  w a s  s h i f t e d  a b o u t  95 ppm down f i e l d .  I n  specimen 2 ,  t h e  

remaining peak w a s  about  95 ppm down f i e l d  from t h e  r e f e r e n c e  s i g n a l  and 

more i n t e n s e ;  t h u s ,  i t  appears  t h a t  t h e  a d d i t i o n  of L i C l  t o  A l C l  /PC causes  

t h e  l e s s  p r e v a l e n t  s p e c i e s  t o  b e  conver ted  t o  t h e  more p r e v a l e n t  s p e c i e s .  

which y i e l d s  A l ( H  0) +++ (Ref. 7 ) .  The l e s s  i n t e n s e  peak found 3 2 6  

3 

S i m i l a r  r e s u l t s  were found i n  t h e  AN s o l u t i o n s ;  i . e . ,  two l i n e s  i n  specimen 

2 and one l i n e  i n  specimen 3. However, a wh i t e  p r e c i p i m t x  I ~ ~ ~ . = ~  -r--l 

men 3, c a s t i n g  some doubt on t h e  u s e f u l n e s s  of t h e  s p e c t r a  obta ined  from 

t h i s  specimen. 

. .  

It i s  s t i l l  premature t o  make s p e c i e s  ass ignments  i n  t h e s e  specimens. 

However, t h e  r e s u l t s  a r e  not  i n  complete agreement wi th  s p e c i e s  suggested 

i n  Ref .  8. 

g ive  r i s e  t o  a narrow A1 reson.mce l i n e .  Thus, t h i s  s p e c i e s  may b e  one 

of t h e  observed s p e c i e s  ; however, t h e  complex s p e c i e s  con ta in ing  A1C12- (A1C13), 

sugges ted  i n  Ref .  8 would give r i s e  t o  broad A127 l i n e s  which were n o t  ob- 

se rved .  Thus, t h i s  t ype  of s p e c i e s  i s  n o t  p r e s e n t .  

- 
A1C14 presumably has  t e t r a h e d r a l  symmetry and would t h e r e f o r e  

27 

+ 
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-1.- - 

Figure  11. A1 27 Resonance i n  0.7M (Saturated at 25 C )  L i C l  i n  
1. OOM AlCl  /PC 
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The broadening displayed in the spectrum in Fig. 5 (A1C13/AN) is probably 

a result of exchange between coordinated and bulk AN molecules. 
are two chemically unequivalent chemical sites for the resonating nucleus, 

in this case H , the spectrum can be very sensitive to the exchange rates 
between the two sites. 

under conditions of very slow, very fast, and intermediate rates of exchange. 
In the case of slow exchange, separate resonances are observed, which is the 
case in this spectrum. 
time, T ~ ,  of one of the lines (designated by A) is given by 

When there 

1 

The analysis of the situation is described in Ref. 9 

Under these circumstances the transverse relaxation 

-1 -1 -1 
A T = Tu + +  2A 

where 

= relaxation time in site A without exchange 

T = first-order lifetime in site A 
A 

A similar expression holds for the second site, B: 

-1 -1 -1 
+ TB 

T 
2B = T2B 

From the recorded-spectra the resonant frequency shift between the two 
-1 -1 -1 

is 31.4 sec , and T is approximately 2A 2B sites 9 W A  - WB’ is 30.0 k, T 

-1 -1 -1 
2 A  is taken from the line width at half maximum. T 

2B 
3.8 sec . T 

is estimated from the broadening of the line such that the C1’ satellites, 

clearly shown in the spectrum of neat AN (Fig. 3), are just smeared out 
as displayed i n  the spectrum of Fig. 4. From the neat AN spectrum, 

26 
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-1 -1 T2 = 1.8 s e c  . Only approximate va lues  a r e  used h e r e  f o r  q u a l i t a t i v e  

d i s c u s s i o n .  The assignments  A and B correspond t o  t h e  bulk  and t h e  co- 

o r d i n a t e d  AN molecules ,  r e s p e c t i v e l y .  From t h e s e  d a t a ,  rA 0.54 second. 

To o b t a i n  T 

when no exchange i s  p resen t .*  I t  seems reasonable  t o  assume t h a t  it i s  n o t  

2 A '  B t o o  d i f f e r e n t  from T 

long l i f e t i m e  corresponds t o  a ve ry  s l o w  exchange r a t e  of coord ina ted  AN 

molecules  wi th  bulk  AN molecules.  

-1 f o r  t h i s  s i t e  i s  r e q u i r e d ,  b u t  it can only  be  obta ined  B ' T2B 

-1 Under t h i s  assumption, T 2 0.05 second. This  

*T2B can be  ob ta ined ,  i n  p r i n c i p l e ,  by making measurements a t  l o w  tem- 
p e r a t u r e s  t o  f u r t h e r  s l o w  down exchange r a t e s .  
planned. 

Such measurements a r e  

27 



Ik ROCYETDYNE A D I V I S I O N  O F  N O R T H  A M E R I C A N  A V I A T I O N  I N C  

28 



k llllll ROCKE-rDYNE A D I V I S I O N  O F  N O R T H  A M E R I C A N  A V I A T I O N  I N C  

S o l u t e  

TABLE 7 

SOLUBILITY DETER"NATI0NS 

Tempera t u r c  , 
S o  1 vent  C 

L i C l O , ,  Y 

LiC1Ol1  L 

cuc1, 
L 

C U C l  & 2 

cu r  1 Je2 2 

c u C 1 ,  '1 - 

C U C l  22 
2 

lNkPFG //I  

T?.ltl.PPG :;I 

1 11 LiCIOll  :2/D1IF 'fj-3 

27 

25 
60 

25 
50 

25 
60 

25 
60 

25 
60 

25 
60 
- 

-1 

60 

25 
00 

25 
0 0 

25 
G O  

25 
60 

Procedure 

Chloride T i t r a t i o r  

Atomi  c Abs o r p  t i on 

Atomic Absorp t ion  

Atomic Absorpt ion 

Atomic Absorpt ion 

Atomic Absorpt ion 

Atomic Absorp t ion  

A t  orii c Ab s o r p  t i on 

Atomic  Absorpt ion 

Nuc 1 e a r  Flagne t i c 
Resonance 

Nuclear  Yagnetic 
Resona nc e 

S o l u b i l i t y ,  
molar 

0.?2 

2 . 1  
3.1 

3.1 
3.1 

4 . 4 
4 . 8 

3.5 
4 .9  

1.89 x lod3 
4 . 1 8  x 10-3 

1.92 x 10-2 
1.07 x 

fi -7 

- 1 .  

0.57 

0.82 
1.57 

0.87 

0 .15  
0 .23  

0 .21  
0.32 

2.2 

29 



i n  t h e s e  t w o  s o l v e n t s .  

CuC12 occurred i n  1 M A l C l  

A s i m i l a r  phenomenon of i nc reased  s o l u b i l i t y  f o r  

+ s a t u r a t e d  LiCl/PC. 3 

The a d d i t i o n  of 1000 ppm water  d id  n o t  appear  t o  a f f e c t  t h e  s o l u b i l i t i e s  

i n  a n  e n t i r e l y  p r e d i c t a b l e  manner. I n  t h e  case  of t h e  s l i g h t l y  s o l u b l e  

c u c l  i n  1 M L i C l O  /PC, an  i n c r e a s e  i n  s o l u b i l i t y  by a f a c t o r  of 5 was ' 

obta ined  upon a d d i t i o n  of 1000 ppm wa te r ,  whereas t h e  s o l u b i l i t y  of TMA-PF6 

i n  PC was una f fec t ed ,  and the s o l u b i l i t y  va lue  of TMA-PF i n  DMF was de- 

c reased  s l i g h t l y  (compare t o  va lues  g iven  i n  Ref.  3). 

2 4 

6 
I n  t h e  case  of 

s o l u t e s  of high s o l u b i l i t y ,  no s i g n i f i c a n t  e f f e c t s  were observed. 

Conductance Measurements 

The conductance measurements made du r ing  t h i s  r e p o r t  pe r iod  a r e  p re sen ted  

i n  Tables  6 through 10 and i n  Fig.  12 through 18. 

The equ iva len t  (molar) conductance va lues  a t  i n f i n i t e  d i l u t i o n ,  Ao, f o r  

LiCIOlt/PC (25.6 ohm- equ 

ones obta ined  f o r  LiCl/PC (26.2 and 4 4 . 9 , r e s p e c t i v e l y ;  Ref.  3 ) .  
o f  26.39 ohm-'equ-'cm2 i s  g iven  by Boden (Ref. 10) f o r  LiC104/PC a t  25 C. 

1 -1 2 cm a t  25 C and 43.1 a t  60 C) a r e  c l o s e  t o  t h e  

A va lue  

The ho va lues  f o r  LiC104/AN were 172 ohm-'equ-'cm2 a t  25 C and 220 a t  

60 C. The d i f f e r e n c e s  between t h e  cor responding  A v a l u e s  i n  t h e  t w o  s o l -  

v e n t s  can be explained r e a d i l y  by cons ide r ing  t h e  d i f f e r e n c e s  of t h e  s o l -  

v e n t  v i s c o s i t i e s .  The same holds  f o r  t h e  r e s u l t s  ob ta ined  w i t h  L i B r  i n  

propylene carbonate  and dimethyl  formamide. 

0 

The e q u i v a l e n t  ( m o l a r )  conductance a t  i n f i n i t e  d i l u t i o n  f o r  a s o l u t i o n  

con ta in ing  A l C l  and L i C l  i n  AN w a s  148 ohm-lequ cm a t  25 C and 188 

a t  60 C .  These f i g u r e s  a r e  i n d i c a t i v e  of' a predominant ly  1-1 e l e c t r o -  

l y t e ;  t he  spec ie s  prcsenl  probably  a r e  L i  

-1 2 
3 

t - 
and A1C14 . 
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Measurement of Transference Numbers by the Hittorf Method 

The cell and the procedure used in these experiments were described pre- 

viously (Ref. 3). 

The transference number of the Li’ ion was determined in 1 M LiC104/PC 

and 1 M LiC104/DMF. The experimental data are summarized in Table 11. 

The constant current applied was 16 milliamperes. 

nickel cathodes were used. From the decrease of the lithium concentra- 

tion in the anolyte, a transference number of t = 0.19 k0.08 was ob- 

tained for LiC104/PC; the catholyte was not examined because of the 

uncertainty of the coulombic efficiency of the lithium deposition. This 

efficiency was determined in the case of 1 M LiC104/DMF by determining 

the amount of lithium on the nickel substrate. The observed decrease of 
the lithium content of the catholyte was adjusted accordingly. A trans- 

ference number for the Li” ion of t 
data and t = 0.27 from catholyte data; the mean value is t = 0.25 with 

an estimated accuracy of  k0.04. This compares with a value of 0.32 
calculated from conductance data at infinite dilution (Ref. 11). The 

transference number f o r  the lithium ion is considerably lower than the 

one for the perchlorate ion, both in 1 M LiC104/DMF and in 1 M LiC104/PC. 
This is explained by a high degree of solvation of the Li+ ion and is in 

line w i t h  previously reported data for LiCl/DMF (Ref, 2) as well as data 
in aqueous systems. 

Silver anodes and 

+ 

= 0.22 was calculated from anolyte + 
+ + 

Hittorf measurements were made with an electrolyte containing LiCl and 

AlCl in DMF, and the results are summarized in Table 12. A decrease 

of the aluminum concentration in the anolyte was observed, and the alumi- 

num content in the catholyte increased. This indicates the presence of 

a positively charged aluminum species. However, the concentration changes 

3 
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2 

observed were small and not t o o  far beyond the detection limit of the 

analysis method (atomic absorption) even after the LiCl content of the 

original solution was dropped from 1 M to 0.5 M. 
either a slowly migrating aluminum species o r  the presence of more than 

one aluminum species, a second one being negatively charged o r  neutral. 

This may indicate 

0.5 M LiCl #2 
+0.05 M A1C13 #3 

TABLE 12 

EITTORF EXPERIMENT WITH AN ELEXTROLYTE CONTAINING 
LiCl AND AlCl IN DMF 3 

21 Solutes Solvent 

DMF #3-3 
(50 percent) 
DMF #3-4 
(50 percent) 

DMF #3-5 

To ta 1 
Charge, 
coulombs 

345 

251 

Change of 
Aluminum Content 

in Anolyte 

Not determined 

-4.6 x 10-5mole* 
(corresponds to 
n x 4.4 coulombs) 

Change of 
Aluminum Content 
in Catholyte 

+4.5 10-5moie* 
(corresponds to 
n x 4.3 coulombs) 

+s.g 
(corresponds to 
n x 8.6 coulombs) 

*Determined concentration of aluminum at conclusion of experiment: 

*Determined concentration of aluminum at conclusion of experiment: 
**Determined concentration of aluminum at conclusion of experiment: 

0.0485 M 
0.0515 M 
0.053 M 

The migration of the copper species in electrolytes containing CuCl 

LiClO was studied in propylene carbonate and dimethyl formamide. A s  

shown in Table 13, a slight increase in the copper concentration of the 

and 2 

4 
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anolyte was observed for 1 M LiC104 + 0.0011 M CuCl /PC. 

situation was encountered in DMF because the copper chloride reacted with 

the silver anode, as had been observed previously in CuCl 

(Ref. 3); the amount of copper deposited on the silver anode was deter- 
mined by analysis and was included in the value of the amount of copper 

accumulated in the anode compartment. 

copper species is revealed by these experiments. 

what species other than CuCl or CuC14 could form because C10 is not 

expected to complex. 

species exists besides these negative ions. 

form according to 

A more complex 2 

+ LiCl/DMF 2 

The presence of negatively charged 

It is not readily seen 
- -2 - 

3 4 
It is probable that a positively charged copper 

The copper species might 

-2 
2CuC12- Cu+2 + CuCl4 

It is generally true that the concentration changes occurring during these 
experiments were relatively small. 

cause relatively large errors in the computed transference numbers. There 

exists another factor which further limits the accuracy o f  the results. 

The cation and/or anion can be heavily solvated and carry along a number 
of  solvent molecules when migrating in an electric field. An unbalanced 
transport o f  solvent may result if cation and anion are solvated to a 

different extent. The lithium ion, for example, is more heavily solvated 

than the chloride or the perchlorate ion, as demonstrated by a low trans- 

ference number. By assuming 6 solvated solvent molecules per lithium ion 
and none for the anion, the surplus of solvent molecules moving into the 

cathode compartment can be estimated; for a transference number o f  0.3 and 

a total number of 320 coulombs, it amounts to 0.006 moles. 

liters of catholyte contain 0.387 mole of DMF', or 0.352 mole of PC, 

respectively. The resulting dilution effect would amount in this case 

to nearly 2 percent. In some cases, this would indeed be in the order of 

Small errors in the analytical data 

Thirty milli- 
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magnitude of t h e  observed c o n c e n t r a t i o n  changes.* Working w i t h  l e s s  con- 

c e n t r a t e d  s o l u t i o n s  would decrease  t h e  e f f e c t .  

Heats of Solu t ions  

Various ca lor imeter  des igns  were i n v e s t i g a t e d  f o r  measurements of h e a t s  

o f  s o l u t i o n s .  

The h e a t  e f f e c t  expected was es t imated  by c a l c u l a t i n g  t h e  s t a n d a r d  p a r t i a l  

molar en tha lpy  change f o r  t h e  s o l u t e  from s o l u b i l i t y  d a t a  a t  two temper- 

a t u r e s .  Neglect ing t h e  comparat ively small  h e a t  of d i l u t i o n ,  t h e  i n t e g r a l  

h e a t  of s o l u t i o n  i s  approximately 200 c a l o r i e s  f o r  a 3 0 0 - m i l l i l i t e r  sample 

of a 0 .15  M s o l u t i o n .  For d i r e c t  measurement of t h e  p a r t i a l  molar e n t h a l p y ,  

t h e  corresponding h e a t  would be 20 c a l o r i e s .  I n  t h e  former c a s e ,  t h e  tem- 

p e r a t u r e  r i s e , A T ,  i s  a few t e n t h s  of a degree ,  and i n  t h e  l a t t e r ,  a few 

' hundredths .  The approximate temperature  s e n s i t i v i t y  r e q u i r e d  i s  -5 x C. 

Among t h e  c a l o r i m e t e r  systems i n v e s t i g a t e d ,  t h e  Cobble-type (Ref. 12) vac- 

uum c a l o r i m e t e r  appears  t o  be most s u i t a b l e ;  i t  has s u f f i c i e n t  s e n s i t i v i t y  

C ) ,  low hea t  l eak  r a t e ,  and r e l a t i v e  e a s e  of changing tempera ture  

from 25 t o  60 C. The commercially a v a i l a b l e  IXB c a l o r i m e t e r  i s  of  t h i s  

g e n e r a l  t y p e ,  having 5 x C temperature  s e n s i t i v i t y  and p r o v i s i o n  f o r  

evacuat ion  of t h e  space  between t h e  r e a c t i o n  v e s s e l  and t h e  j a c k e t .  

*The e f f e c t  can be es t imated  only  roughly a s  long a s  t h e  s o l v a t i o n  o f  t h e  
i o n s  involved i s  n o t  known. I t  i s  expected t o  cause t+ t o  appear  s i g n i f i -  
c a n t l y  too  low ( p o s s i b l y  by about  20 p e r c e n t  o r  more) i n  t h e  fo l lowing  
s o l u t i o n s :  1 M LiCl/DMF, 1 M LiC104/PC, and 1 M LiC104/DMF. The accumu- 
l a t i o n  of  aluminum i n  t h e  c a t h o l y t e  i n  LiCl + A l C l  DMF would be g r e a t e r  
wi thout  t h e  e f f e c t  t h a n  a c t u a l l y  was observed;  cor respondingly ,  t h e  accu- 
mula t ion  o f  copper s p e c i e s  i n  t h e  a n o l y t e  would be s m a l l e r  i n  L i C l  + 
CuCl /DMF, LiClO,, + CuC12/PC, and LiC104 + CuC12/DMF. 

cs/  

The e f f e c t ,  however, 
shou 1 d n o t  i n f l u e n c e  t h e  b a s i c  conclus ions  drawn above. 



Ik ROCYETDYNE * A D I V I S I O N  O F  N O R T H  A M E R I C A N  A V I A T I O N ,  I N C  

Dielectric Constant 

For the determination of the low-frequency dielectric constant of the 

electrolyte solutions, a microwave measurement method (Ref. 13) together 
with the Cole-Cole extrapolation procedure has been adopted. The equip- 

ment to be used includes 10 t o  25 GHz microwave setups and a refractometer 

to obtain the refractive index. 

The microwave method is based on measurement of standing wave position 

and amplitude. The standing wave results from interference of a refer- 

ence wave and the wave traveling through the sample. For the 10 GHz 

frequency, an E-H tee is used to split the wave into the reference and 

sample waves. In the design (Ref. 13), modification of the E-H tee is 

made s o  that a part of the reference wave is reflected back in phase with 

the wave reflected by the sample. This requires installation of a mov- 

able slit (iris) into the reference arm. 

latter. 

Work is in progress to add the 

The equipment for the 10 GHZ setup has been assembled except f o r  the cell 

and iris. The functioning of the standing wave detector and crystal re- 

sponse law was checked out. At 1-microampere crystal current the response 
was approximately quadratic (i.e. , 2 .02) .  
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WORK PLANNED FOR NEXT QUARTER 

PREPARATION OF ELECTROLYTES 

Work on this task will continue. Other solutes will be characterized, 

and the synthesis of pure CuF will be attempted. 2 

NMR STRUCTUFLIL STUDIES 

The C13* and Li’ resonances will be studied in electrolytes containing 

LiC104 and LiC1, and the A127 resonances in solutions containing LiCl 

and AlCl at intermediate concentrations. 

will be studied at low temperature. The Cu resonance will be investi- 

gated in LiC1+CuC12/DMF. 

The HI spectra in LiCl+AlCl /AN 3 63 3 

PHYSICAL PROPEBTY DFTEBMINATIONS 

Determinations of physical properties will continue. Solubility studies 

of lithium fluoride and lithium chloride in electrolyte solutions will be 

emphasized. Conductances of tetrabutylammonium bromide and tetrabutyl- 

ammomium tetraphenylboride will be measured to establish individual ions 

mobilities. 

and by a direct method. 

Diffusion coefficients will be measured by chronopotentiometry 
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N a t i o n a l  Aeronaut ics  & Space A d m i n i s t r a t i o n  
Lewis Research Center  
21000 Urooliparlr Road 
Cleve land ,  Ohio 4Ji135 
A t t e n t i o n :  M .  J .  S a a r i  (MS 500-202) 
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I .  
National Aeronautics & Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attention: J. J. Weber (MS 3-19) 

National Aeronautics & Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attention: Robert B. King (MS 500-202) 

National Aeronautics & Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attention: Library (MS 60-3) 

National Aeronautics & Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attention: Report Control (MS 5-5) 

National Aeronautics & Space Administration 
George C. Marshal Space Flight Center 
Huntsville, Alabama 35812 
Attention: Philip Youngblood 

National Aeronautics & Space Administration 
George C. Marshal Space Flight Center 
Huntsville, Alabama 35812 
Attention: Richard Boelme (Bldg. 4487-BB) 

National Aeronautics & Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 
Attention: William R. Dusenbury 

Propulsion & Energy Systems Branch 
(Bldg. 16, Site 1) 

National Aeronautics & Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 
Attention: Robert Cohen 

Gemini Project Office 
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Nat iona l  Aeronaut ics  & Space Admin i s t r a t ion  
Manned Spacec ra f t  Center  
Houston, Texas 77058 
A t t e n t i o n :  Richard Ferguson (EP-5) 

Na t iona l  Aeronaut ics  & Space Admin i s t r a t ion  
Manned Spacec ra f t  Center  
Houston, Texas 77058 
A t t e n t i o n :  F o r r e s t  E. Eastman (EE-4) 

Na t iona l  Aeronaut ics  & Space Admin i s t r a t ion  
Ames Research Center  
Mof fe t t  F i e l d ,  C a l i f o r n i a  94035 
A t t e n t i o n :  James  R. Swain/A. S .  Hertzog 

Pioneer  P r o j e c t  

Na t iona l  Aeronaut ics  & Space Admin i s t r a t ion  
Ames Research Center  
Moffe t t  F i e l d ,  C a l i f o r n i a  94035 
A t  t e n t  i on : J o n  Rubenzer 

B i o s a t e l l i t e  P r o j e c t  

J e t  P ropu l s ion  Laboratory 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  91103 
A t t e n t i o n :  A i  j i  Uchiyam 

Department of t h e  Army 

U. S .  Army Engineer R & D Labs. 
F o r t  B e l v o i r ,  V i r g i n i a  22060 
A t t e n t i o n  : E l e c t r i c a l  Power Branch (SMOFB-EP) 

Commanding O f f i c e r  
U. S .  Army E l e c t r o n i c s  R & D Labs. 
F o r t  Monmouth, New J e r s e y  07703 
A t t e n t i o n :  Power Sources  D i v i s i o n  (SELR.A/PS) 

Research O f f i c e  
Rand D. D i r e c t o r a t e  
Army Weapons Command 
Rock I s l a n d ,  I l l i n o i s  61201 
A t t e n t i o n :  M r .  G .  I t iensmith,  Chief 
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U. S .  Army Research O f f i c e  
Box CM, Duke S t a t i o n  
Durham, Nor th  C a r o l i n a  27706 
A t t e n t i o n :  D r .  Wilhelm Jorgensen 

U. S. Army Research O f f i c e  
C h i e f ,  Rand D 
Depar tnent  of t h e  Army 
3D442, The Pentagon 
Washington, D. C .  205r16 

Harry Diamond L a b o r a t o r i e s  
Room 300, Bu i ld ing  92 
Connect icu t  Avenue & Van Ness S t r e e t ,  N. W .  
Washington, D .  C .  20008 
A t t e n t i  on : Nathan Kaplan 

Army M a t e r i e l  Comand 
Research  Div i s ion  

Washington, D.  C .  20315 
A t t e n t i o n :  John W. C r e l l i n  

AMCRD-RSCM-T -7 

Army M a t e r i e l  Command 
Development D i v i s i o n  

Washington, D. C .  20315 
A t t e n t i o n :  Marsha l l  D. Aiken 

AMCRD-DE-MO-P 

U. S . Army "RECOM 
F o r t  E u s t i s ,  V i r g i n i a  23604 
A t t e n t i o n :  D r .  R. L. Echols  (SMOFE-PSG) 

U. S . Army 'IRECOM 
F o r t  E u s t i s ,  V i r g i n i a  23604 
A t t e n t i o n :  Leonard M. Bartone (SMOFE-ASE) 

U. S. Army Mobi l i t y  Command 
Research D i v i s i o n  
Warren, Michigan 48090 
A t t e n t i o n :  0.  Renius  (AMSMO-RR) 
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Bureau of  Naval Weapons 
Department of t he  Navy 
Washington, D. C. 20360 
A t t e n t i o n :  Whitewall T . Beatson (Code RAW-52) 

I 

Nat ick  Labora tor ies  
Clothing and Organic Mate r i a l s  D iv i s ion  
Nat ick ,  Massachusetts 01760 
A t t e n t i o n  : Norman Fertman 

Department of t h e  N a v y  

Naval Ordnance Laboratory 
Department of t h e  Navy 
Corona, C a l i f o r n i a  91720 
A t t e n t i o n :  

Naval Ordnance Laboratory 
Department of t h e  Navy 
S i l v e r  Spr ing ,  Maryland 20900 
A t t e n t i o n :  

Will iam C .  Spind le r  (Code 441) 

P h i l i p  B .  Cole (Code WB) 
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Off i ce  o i  Naval Research 
Washington, D .  C .  20360 
A t t e n t i o n :  Head, Power Branch, (Code 429) 

Of f i ce  o f  Naval Research 
Department of t h e  Navy 
Washington, D.  C. 20360 
A t t e n t i o n :  11. W .  Fox (Code 425) 

Naval Research Laboratory 
Washington, D .  C .  20390 
A t t e n t i o n :  D r .  J .  C .  White (Code 6160) 

U. S. Navy Marine Engineer ing Laboratory 
Annapolis , Maryland 21402 
A t t e n t i o n :  J. €1. Harr i son  

Bureau of  Naval Weapons 
Department of t he  Navy 
Washington, D.  C. 20360 
A t t e n t i o n :  Milton Knight (Code RRItE-62) 

Naval Ammunition Depot 
Crane, Indiana 47522 
A t t e n t i o n :  E. Bruess/H. S h u l t z  
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Bureau of S h i p s  
Department of t h e  Navy 
Washington, D.  C .  20360 
A t t e n t i o n :  C .  F. V i g l o t t i  (Code 660) 

Bureau of S h i p s  
Department o f  t h e  N a v y  
Washington, D.  C .  20360 
A t t e n t i o n :  Bernard B. Rosenbaum (Code 340) 

Department of t h e  A i r  Force 

Space Systems Div i s ion  
Los Angeles A i r  Force  S t a t i o n  
L o s  Angeles ,  C a l i f o r n i a  90045 
A t t e n t i o n :  SSSD 

F l i g h t  Veh ic l e  Power Branch 
h e r o  P ropu l s ion  Labora tory  
Wright-Pat terson A i r  Force  Base,  Ohio 
A t t e n t i o n :  James E. Cooper 

45433 

A i r  Force  Cambridge Research Lab. 
L. G. HanscomFie ld  
Bedford,  Massachuse t t s  01731 
A t t e n t i o n :  D r .  Richard Payne 

(CRFE) 

Headquar te rs ,  U. S .  A i r  Force  (AFRDR-AS) 
Washington 25, D. C.  
A t t e n t i o n :  Majo r  G .  S t a r k e y  

Headquar te rs ,  U. S. A i r  Force  (AFRDR-AS) 
Washington 25, D.  C .  
A t t e n t i o n :  L t .  Col.  W i l l i a m  G .  Alexander 

Rome A i r  Development Cen te r ,  ESD 
G r i f f i s  A i r  Fo rce  Base,  New York 
A t t e n t i o n :  Frank J. Mollura  (RASSM) 

13442 

Other  Government Agencies 

N a t i o n a l  Bureau of S t anda rds  
Washington, D .  C .  20234 
A t t e n t i o n :  D r .  W. J. Hamer 
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O f f i c e ,  D D W ,  USE & BSS 
The Pentagon 
Washington, D. C .  20310 
A t t e n t i o n :  G .  B. Wareham 

M r .  Donald B. Hoatson 
Army Reac to r s ,  DRD 
U. S. Atomic Energy Commission 
Washington, D. C .  20545 

I n s t i t u t e  f o r  Defense Analyses 
R & E Support  Div is ion  
400 Rrmy-Navy Drive 
Ar l ing ton ,  V i r g i n i a  22202 
A t t e n t i o n :  Mr. R .  Hamilton 

I n s t i t u t e  f o r  Defense Analyses 
R & E Support  Div is ion  
400 Army-Navy Drive 
Ar l ing ton ,  V i r g i n i a  22202 
A t t e n t i o n :  D r .  George C .  Szego 

U. S. Atomic Energy Commission 
Aux i l i a ry  Power Branch (SNAP) 
Div i s ion  of  Reactor  Development 
Washington 25,  D. C . 
A t t e n t i o n :  L t .  C o l .  George H. Ogburn, J r .  

L t .  Col. J o h n  H. Anderson 
Advanced Space Reac tor  Branch 
Div is ion  of Reactor  Development 
U. S. Atomic Energy Comuission 
Washington 25, D.  C. 

C lear ing  House 
5285 Park Royal Road 
S p r i n g i i e l d ,  V i r g i n i a  22151 

U. S. Bureau of Mines 
4800 Forbes Avenue 
P i t t s b u r g h ,  Pennsylvnnia 15213 
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I n d u s t r y  

Aero je t -Genera l  Corporat ion 
Von Karman Center 
Bldg. 312, Dept. 3111 
Azusa, C a l i f o r n i a  
A t t e n t i o n :  M r .  Russ Fogle  

Aeronut ronic  Div i s ion  
Ph i l co  Corpora t ion  
Ford Road 
Newport Beach, C a l i f o r n i a  92660 

Aerospace Corporat ion 
Pos t  Of f i ce  Box 95085 
Los  Angeles ,  C a l i f o r n i a  90045 
A t t e n t i o n :  L i b r a r y  

Aerospace Corpora t ion  
Systems Design Div i s ion  
2350 East E l  Segundo Boulevard 
E l  Segundo, C a l i f o r n i a  
A t t e n t i o n :  J o h n  G .  Kr i s i las  

Al l i s -Cha lmers  Manufacturing CO. 
1100 South  7 0 t h  S t r e e t  
Milwaukee, Wisconsin 53201 
A t t e n t i o n :  D r .  P. Joyner  

American U n i v e r s i t y  
Mass. & Nebraska Avenues, N .  W. 
Washington, D.  C .  20016 
A t t e n t i o n :  D r .  R. T .  Fo ley ,  

Chemistry Department 

A r t h u r  D .  L i t t l e ,  Inc .  
Acorn Park 
Cambridge, Massachuset ts  02140 
A t t e n t i o n :  D r .  E l l e r y  W .  Stone 

Atomics I n t e r n a t i o n a l  Div is ion  
North American A v i a t i o n ,  Inc .  
8900 De Soto Avenue 
Canoga Pa rk ,  C a l i f o r n i a  91304 
A t t e n t i o n :  D r .  11. L. Recht 

B a t  t e 1 1 e Memo r i a 1 I n s t  i t u %  e 
505 King Avenue 
Columbus, Ohio 43201 
A t t e n t i o n :  D r .  C .  L. Faus t  
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Chem-Cell I n c .  
150 Dey Road 
Wayne, New J e r s e y  07k70 
A t t e n t i o n :  P e t e r  D .  Rickman 

Delco Remy Div i s ion  
General  M o t o r s  Corpora t ion  
2401 Columbus Avenue 
Anderson, Ind iana  46011 
h t t e r i t i o n :  D r .  J .  J .  Lander 

Douglas A i r c r a f t  Company, Inc .  
A s t r o p  owe r Laboratory 
2121 Cnmpus Drive 
Newport Ueach, C a l i f o r n i a  92663 
A t t e n t i o n :  D r .  Carl Berger  

i 

B e l l  Telephone L a b o r a t o r i e s ,  Inc .  
Murray H i l l ,  New J e r s e y  07971 
A t t e n t i o n :  U. B. Thomas 

The Boeing Company 
P. 0 .  Box 3707 
S e a t t l e ,  Washington 98124 

Borden Chemical Company 
Cen t ra l  Research Labora tory  
P. 0. Box 9524 
P h i l a d e l p h i a  , Pennsylvania  19124 

Burgess Ba t t e ry  Company 
Foot  of Exchange S t r e e t  
F r e e p o r t ,  I l l i n o i s  61032 
A t t e n t i o n :  D r .  Howard J. S t r a u s s  

C & D B a t t e r i e s  
D iv i s ion  of E l e c t r i c  A u t o l i t e  C o l .  
Conshohoclten , Pennsylvania  19428 
A t t e n t i o n :  D r .  Eugene Wil l ihnganz 

Calv in  Col lege  
Grand Rapids  , Michigan 49506 
A t t e n t i o n :  P ro f .  T .  P. Di rkse  

C a t a l y s t  Research Corpora t ion  
6101 F a l l s  Road 
Bal t imore , Maryland 21209 
A t t e n t i o n :  J .  P. Wooley 
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Dynatech Corpora t ion  
17 Tudor S t r e e t  
Cambridge, Massachuset ts  02138 
A t t e n t i o n :  R. L. Wentworth 

Eagle-Picher Company 
P o s t  O f f i c e  Box 47 
J o p l i n ,  Missouri  64802 
A t t e n t i o n :  E. M. Morse 

E l g i n  Na t iona l  Watch Company 
lo7 N a t i o n a l  S t r e e t  
E l g i n ,  I l l i n o i s  60120 
A t t e n t i o n :  T .  Boswell 

E l e c t r i c  S t o r a g e  B a t t e r y  Company 
M i s s i l e  B a t t e r y  D i v i s i o n  
2510 Louisburg Road 
R a l e i g h ,  North Caro l ina  27604 
A t t e n t i o n :  A. Chre i t zbe rg  

E l e c t r i c  S t o r a g e  B a t t e r y  Company 
Carl I?. Norberg Research  Center  
19 West Col lege  Avenue 
Yardley ,  Pennsylvania  19068 
A t t e n t i o n :  D r .  R. A. Schaefer  

E lec t roch imica  Corpora t ion  
1140 OIBrien Dr ive  
Menlo Pa rk ,  C ' i l i forn ia  94025 
A t t e n t i o n :  D r .  M o r r i s  Eisenberg 

E lec t ro -Opt i ca l  Systems, Inc .  
300 Worth Ha l s t ead  
Pasadena, C a l i f o r n i a  91107 
A t t e n t i o n :  M. K l e i n  

Emhart Manufactur ing Company 
Box 1620 
H a r t f o r d ,  Connect icut  06101 
A t t e n t i o n :  D r .  W .  P. Cadogan 

Engelhard I n d u s t r i e s ,  Inc .  
497 DeLancy S t r e e t  
Newark, New J e r s e y  07105 
A t t e n t i o n :  D r .  J .  G.  Cohn  
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D r .  Ar thu r  F l e i s c h e r  
466 South  Center S t r e e t  
Orange, New J e r s e y  07050 

General  E l e c t r i c  Company 
Research 81 Development Center  
Schenectady,  New York 12301 
A t t e n t i o n :  D r .  R. C .  Osthoff 

(Bldg. 37, Room 2083) 

General  E l e c t r i c  Company 
M i s s i l e  & Space Div i s ion  
S p a c e c r a f t  Department 
P. 0 .  Box 8555 
P h i l a d e l p h i a ,  Pennsylvania  19101 
A t t e n t i o n :  E. W .  Kipp, Room T-2513 

General  E l e c t r i c  Company 
B a t t e r y  Products  S e c t i o n  
P. 0. Box 114 
G a i n e s v i l l e ,  F l o r i d a  32601 

General  E l e c t r i c  Company 
Research & Development Center  
Schenectady,  New York 12301 
A t t e n t i o n :  D r .  H. Liebhafsky 

General  Motors Corporat ion 
Defense Research Labora to r i e s  
6767 H o l l i s t e r  S t r e e t  
San ta  Barbara ,  C a l i f o r n i a  93105 
A t t n :  D r .  J .  S .  Smatko/Dr. C .  R. R u s s e l l  

General  Telephone & E l e c t r o n i c s  Labs. 
Bayside,  New York 
A t t e n t i o n :  D r .  Paul  Goldberg 

Globe-Union, Inc .  
900 East Keefe Avenue 
Milwaukee, Wisconsin 53201 
A t t e n t i o n :  D r .  Warren Towle 

Globe-Union, Inc .  
900 E a s t  Keefe Avenue 
Milwaukee, Wisconsin 53201 
A t t e n t i o n :  D r .  C .  K. Morehouse 

A M E R I C A N  A V I A T I O N ,  I N C  

66 



& ROCYETDYNE A D I V I S I O N  O F  N O R T H  A M E R I C A N  A V I A T I O N ,  I N C  

Gould-National B a t t e r i e s ,  Inc .  
Engineer ing & Research Center 
2630 Unive r s i ty  Avenue, S. E. 
Minneapol is ,  Minnesota 55418 
A t t e n t i o n :  D. L.  Douglas 

Gulton I n d u s t r i e s  
A l k a l i n e  B a t t e r y  D i v i s i o n  
212 Durham Avenue 
Metuchen, New J e r s e y  08840 
A t t e n t i o n :  D r .  Robert  Sliair  

Grumman A i r c r a f t  
OPGS, P l a n t  35 
Bethpage, Long I s l a n d ,  N .  Y. 
A t t e n t i o n :  Bruce Clark 

Hughes A i r c r a f t  Corpora t i  on 
Centinda Avenue & Tea le  S t r e e t  
Culver C i t y ,  C a l i f o r n i a  90230 
A t t e n t i o n :  T . V .  Carvey 

Hughes Ai rc ra f  , Corporat ion 
Bldg. 366, M. S.  524 
E l  Segundo, C a l i f o r n i a  90245 
A t t e n t i o n :  R. B. Robinson 

Hughes Research Labs. Corp. 
3011 Malibu Canyon Road 
Malibu, C a l i f o r n i a  90265 
A t t e n t i o n :  T .  M .  Hahn 

I T T  Fede ra l  Labora to r i e s  
500 Washington Avenue 
Nut ley ,  New J e r s e y  07110 
A t t e n t i o n :  D r .  P. E. L ighty  

I T T  Research I n s t i t u t e  
10 West 35 th  S t r e e t  
Chicago, I l l i n o i s  60616 
A t t e n t i o n :  D r .  H. T .  F ranc i s  
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I n s t i t u t e  of Gas Technology 
S t a t e  and 34th  S t r e e t  
Chicago, I l l i n o i s  60616 
A t t e n t i o n :  B. S .  Baker 

Johns  Hopltins U n i v e r s i t y  
Applied Phys ics  Laboratory 
a621 Georgia  Avenue 
S i l v e r  Spr ing ,  Maryland 20910 
A t t e n t i o n :  Richard Cole 

Johns-Manville R & E Center  

Maiiville , New J e r s e y  08835 
A t t e n t i o n :  J .  S .  Parkinson 

P. 0. BOX 159 

Leesona Moos Labora to r i e s  
Lake Success  Park ,  Community Dr ive  
Grea t  Neck, New York 11021 
A t t e n t i o n :  D r .  H. Oswin 

L iv ings ton  E l e c t r o n i c  Corpora t ion  
Route 309 
Montgomeryville, Pennsylvania  18936 
A t t e n t i o n :  W i l l i a m  F. Meyers 

Lockheed M i s s i l e s  & Space Company 
3251 Hanover S t r e e t  
Pa lo  A l t o ,  C a l i f o r n i a  94304 
A t t e n t i  on : Library/Dr . G . B. Adams 

Lockheed M i s s i l e s  & Space Company 
Dept. 62-30 
3251 Hanover S t r e e t  
Pa lo  A l t o ,  C a l i f o r n i a  94304 
A t t e n t i o n :  J. E. Ch i l ton  

Idaho S t a t e  Un ive r s i ty  
Department of Chemistry 
P o c a t e l l o ,  Idaho 83201 
A t t e n t i o n :  D r .  G .  Myron Arcand 
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Mallory B a t t e r y  Company 
60 Elm S t r e e t  
Nor th  Ta r ry ton ,  New York 10593 
A t t e n t i o n :  R .  R .  Clune 

P. R .  Mallory & Company, I n c .  
Techn ica l  S e r v i c e s  Laboratory 
I n d i a n a p o l i s ,  Ind iana  46206 
A t t e n t i o n :  A. S.  Doty 

P. R. Mallory & Company, I n c .  
Northwest I n d u s t  r i a1 Park 
B u r l i n g t o n ,  Massachuset ts  02103 
A t t e n t i o n :  D r .  Pe r  Bro 

P. R .  Mallory & Company, I n c .  
3029 East  Washington S t r e e t  
I n d i a n a p o l i s ,  Ind iana  46206 
A t t e n t i o n :  Technica l  L i b r a r i a n  

Marquardt Corpora t ion  
16555 S a t i c o y  S t r e e t  
Van Nuys, C a l i f o r n i a  91406 
A t t e n t i o n :  D r .  H. G .  K r u l l  

M a t e r i a l  Research Corpora t ion  
Orangeburg, New York 
A t t e n t i o n :  V.  E. Adler  
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